Objectives: (1) To develop a scale that is useful in evaluating the accuracy of multifrequency bioelectrical impedance analysis (MF-BIA) in the assessment of body water volumes against the accepted gold standard measurements based on isotope-dilution and total body potassium (TBK). (2) To perform a pilot test of the scale. Design: A scale was developed to evaluate the accuracy of MF-BIA in the assessment of body water volumes. Questions were obtained from reading the scientific literature and discussions involving the four authors. Three of these and two additional independent readers pre-tested the scale. A weighting was identified for each question and a pilot test with a sample of 10 articles (different to those used for the questionnaire performance) was conducted. A further validation was carried out with a second set of 20 articles and two additional independent readers. Results: The kappa statistic expressing the level of agreement between pairs of the first three authors using this scale with 10 articles, was 0.3, 0.4 and 0.6 after the first attempt. A second evaluation after specific changes improved the agreement to 0.8, 0.6 and 0.8. The mean score for 10 articles was 252 AE 36 points from a total score of 400 (63 AE 9%). The evaluation with the second set of 20 articles resulted in a k of 0.7 from two pairs of authors. The evaluation with two additional reviewers resulted in a k ¼ 0.7. Conclusion: A tool has been developed to assess the accuracy of the MF-BIA technique and to identify methodological components, plan future studies and critically evaluate data in this area. It is likely that this tool may also be used to assess the accuracy of single frequency studies.
Introduction
A major challenge in clinical practice is to accurately monitor acute and chronic changes in hydration during various diseases and their clinical management ( Johnson et al, 1996; Pullicino et al, 1992) . Thus, the development of methods for measuring and monitoring the volume of body water and its distribution has been of increasing recent interest (Ellis & Wong, 1998) . Methods based on bioelectrical impedance analysis (BIA) or its multifrequency variant (MF-BIA) have attracted attention because of their low cost and high convenience. The validation of these techniques normally involves using isotope dilution (Brummer et al, 1992) and total body potassium (TBK) as gold standards (De Lorenzo et al, 1995) . There has been a rapid proliferation of BIA literature. A search from 1985 to 1990 with the keyword: 'bioelectrical impedance' (when Lukaski's article appeared), retrieved 73 studies; from 1991 to 1995 there were 271 articles and, from 1996 to 2001, 523 articles. This was only in Medline database. However there are conflicting and confusing results and conclusions about its accuracy and its utility (Schoeller, 1996a) . Variability in the quality of BIA studies may have contributed to these inconclusive and conflicting findings. Differences of quality across the studies may indicate that the results of some are more reliable than those of others. Low quality studies are more likely to produce incorrect inferences and conclusions regarding the accuracy and usefulness of BIA. Therefore, evaluation of BIA should be based on evidence from high-quality studies.
The purpose of this paper was to describe a scale to evaluate the quality of BIA studies and to define and discuss the evaluation criteria which might be more generally used.
Scale development methods
The process used to perform our study consisted of eight steps shown in Figure 1 . Steps 1 -7 are preparation with the final evaluation (step 8) following at the end. The details of steps 1 -7 are described below.
1. Literature review to identify key characteristics to be extracted from each paper through examination of:
a. Key characteristics identified as being paramount in published checklists evaluating quality of studies published in the health technology assessment literature to identify general headings for evaluation. (Bland et al, 1985; Cho & Bero, 1994; Detsky et al, 1992; Khan et al, 1996; Moher et al, 1995; ; NHS Centre for Reviews and Dissemination, 1996; Oxman, 1994) b. Possible bias (sampling, diagnostic access, spectrum, cointervention, verification, withdrawal, work-up, incorporation disease progression, observer variability, diagnostic review, test review, clinical review and loss to follow-up bias (Kelly et al, 1997) . c. Articles about BIA, TBK and dilution techniques standardisation (Deurenberg et al, 1988; Kushner et al, 1996; National Institutes of Health Technology Assessment Conference Statement, 1994; Schoeller et al, 1985; Schoeller, 1996b; Lykken et al, 1983) . d. Articles about the use of statistics in scientific literature (Altman, 1980 (Altman, , 1991 Altman et al, 1983; Emerson & Colditz, 1983; Gardner et al, 1983; Jenicek, 1989 ). e. Views expressed by the authors who have some knowledge and experience in the area: two medical physicists, one paediatrician and one physician. 3. Development of a questionnaire for specific BIA evaluation Under the headings identified above, a questionnaire was composed consisting of 66 questions. Additionally a form was developed to extract the data from the articles.
4. Evaluation of the questionnaire by iterative development using three independent observers Three authors with different backgrounds (two medical physicists and one physician studying the BIA technique) pre-tested the questionnaire three times using 10 articles in order to decide which questions should remain in the final questionnaire. Specific suggestions were:
a. To record a 'No' when a procedure was specifically mentioned as not done but 'Not clear' if the procedure was mentioned but without sufficient detail to allow replication. b. To split compound questions in order to achieve more specificity. c. To eliminate duplication in the questions.
The final questionnaire consists of 21 explicitly defined questions (Appendix 1). Questions 12 and 13 refer to three sub-questionnaires about procedures on BIA, dilution and TBK techniques respectively. Possible responses are: 'Yes', 'No', 'Not clear', or 'Not applicable'.
The questionnaire was divided into four main sections:
a. Section A examines the design of the study and inclusion=exclusion criteria for its subjects. b. Section B looks for description of the subjects and how they were selected. c. Section C is related to the procedures for carrying out the BIA and the gold standard techniques. d. Section D concerns calculations and statistical analysis.
Forty-two percent of questions are related only to the quality of the research design, 16% to the quality of the report writing and structure and 42% consider both topics. The original version of the questionnaire was modified to make it simpler and more self-explanatory.
Identify weighting for each characteristic
A theoretical weighting scheme was used to score the studies according to Streiner and Norman (1995) . In this case the weighting scheme was established from an analysis of the literature and from local experimentation. The following factors were given heavy weighting: study design; sample selection; BIA; TBK and dilution procedures, hydration status; and statistical analysis. Each section was scored on a continuous scale from 0 to 100 for positive answers. Within a section each item was weighted according to its impact on results when data were available in the scientific literature or when a variable could influence the results in more than one technique (references used to give the weight for each variables are at www.medphysics.leeds.ac.uk/~chgc/vienaref. htm). When the data were not available in the literature, questions were weighted equally. Negative answers did not receive a score and the 'Not applicable' option allowed reviewers not to penalise a paper if one item was not necessary for the study. The maximum possible score was 400 points. Figure 2 shows the extent to which each item contributes to the total score for an article.
Pilot test
When the reviewers had agreed on the final version of the questionnaire, three evaluations were conducted for the assessment of reproducibility and reliability. An additional test was performed to evaluate agreement in data extraction. For the first evaluation a computerised MEDLINE search was performed to identify articles which used BIA and dilution or TBK techniques and which were published between 1969 and 1998 (inclusive) . This covered the period between the original article by Hoffer et al (1969) and the time of the study. The exercise was performed as if these articles were to enter to a meta-analysis. The search strategy was exploration by bioelectrical impedance analysis (or 17 substitutes) and body water (or 13 substitutes) or dilution (or nine substitutes) and TBK from 1969 to 1998. The search was limited to studies with human beings, English and Spanish languages. Letters, abstracts and editorials were also excluded. The initial search yielded 161 citations.
One of the reviewers read the abstracts and selected those that had used dilution techniques (TBW=ECW) and=or total body potassium (ICW) as gold standard. Seventy-two studies were eligible. From these, random numbers generated by a calculator selected five articles and five additional articles were chosen for the pilot test to give a variety of ages and clinical conditions. Three reviewers tested the final questionnaire. The revision was made on the basis of inter-rater agreement and reviewers' comments on content validity of individual questions. The reviewers worked independently. To minimise observer bias, they were given masked photocopies of the 10 articles. The methods sections of these studies were photocopied in such a way that the author and journal names, dates, and all other reference information had been Total body water measurement CH Gonzalez et al omitted. General guidelines were given on the cover sheet for the use of the scale. An additional questionnaire to describe the areas of particular strength, reason for doubt or for rejection, time spent with the evaluation of each study, and the influence of the knowledge of one of the articles on the final decision on it was attached to each paper. The first evaluation of reproducibility and reliability produced results which were poor, as expressed by the kappa statistic (k < 0.6). A second evaluation was performed after making the following changes: a. The low agreement in the first evaluation was generally the result of discrepancies in the use of the response 'Not applicable' and probably fast reading of the articles. Therefore, the results of the questionnaires were corrected when the answers were unambiguous (side of the body on which the measurements were performed, baseline samples for dilution techniques, etc). b. The instruction manual was expanded to explain in more detail definitions of terms and the importance of each question. At this time, the reviewers were given a six-page set of written instructions. c. Reviewers suggested that when references were cited in the 'Methods' section, these references should be included with the article. For the second evaluation the relevant bibliography was therefore attached to each article.
The kappa statistic for the same 10 articles was improved after these changes (k ¼ 0.6). An evaluation was done with a form developed for data extraction. Three reviewers tested the form by using three of the 10 articles (results not shown).
Selection of the articles. The acceptability of each article was described as 'Definitely yes', 'Probably yes' or 'Not acceptable' on the basis of the score. Differences among reviewers were resolved by re-examining the report and discussing the particular point.
Inclusion criteria. Studies were selected after three assessments by unanimous decision or by agreement between two of the three reviewers: studies with a score ! 60% of the total possible score was qualified as 'Definitely yes'; studies that were scored from ! 50 -59% of the total possible score were qualified as 'Probably yes'; and the final inclusion or exclusion of these articles was made by a third evaluation between the readers.
Exclusion criteria. Studies with a score of < 50% of total possible score or studies classified as 'Probably yes' which after a third evaluation still had an score < 60%.
Further scale validation
To test whether the repeated review of the same 10 articles had influenced the results, a second different set of 10 masked articles was reviewed independently by two pairs of the of the reviewers (20 different articles in total). After a consistent agreement was obtained between us, two independent reviewers with experience in the bioimpedance area but not involved in the development of the instrument were asked to qualify three randomly selected and masked articles. Total body water measurement CH Gonzalez et al (Schoeller, 1996b; Deurenberg et al, 1988; Lykken et al, 1983) .
Studies have shown that this variable can effect the body resistance about 2.1% (Gonzalez et al, 1999) , which is similar to the effect caused by changes in electrode position 12. Was the BIA performed in a standardised manner?
Go to Table 1a 40 (Lionel & Herxheimer, 1970) Because in the future we intend to assess BIA accuracy, procedures were weighted higher 13. Was the gold standard (GS) test performed in a standardised manner?
Go to Table 1b  and 1c 40 (Lionel & Herxheimer, 1970) Because in the future we intend to assess BIA accuracy, procedures were weighted higher 14. Were BIA and GS tests done at the same time and in similar conditions? Total body water measurement CH Gonzalez et al How to use the scale. After revision of the study, each question was answered by ticking the appropriate box in the form. Only questions with positive or 'Not applicable' answers were weighted. When the study compared BIA with both dilution and TBK techniques, the weights applied to these questions were added to the gold standard score.
Statistical analysis
Percentage agreement and kappa statistic were used for the analysis of agreement between reviewers on study choice. Acceptable agreement was set at a kappa level from 0.6 to 1.0. Kappa interpretation was made according to Altman (1991) . The score of the articles is expressed as a percentage of the total possible score.
Results
Three reviewers who used the quantitative scale to rank independently the set of 10 articles evaluated reproducibility, reliability and applicability. There were only three instances of missing data: two from one reader and one for another reader. Table 1 shows the final questionnaire with the references on which the score was based and Appendix 1 the forms used for each article. The test required approximately 20 min per article per reviewer. Table 2 shows the kappa values and percentage inter-rater agreement between reviewer pairs for their summary ranking scores on the same 10 articles in two occasions. The final result of the evaluation of the articles is given in Table 3 . after the 'Probably yes' articles were reviewed again among the three reviewers. The mean of reviewer scores for 10 articles was 251.6 AE 35.9 points from a total score of 400 (62.9 AE 8.98%; Table 4 ). In the further validation of the scale between two pairs of reviewers with another set of 10 articles per pair, the kappa statistic was 0.7 (CI 0.6 -0.7) and 0.7 (CI 0.6 -1.3).
The agreement between the two independent reviewers was k ¼ 0.7 (confidence interval 0.6 -0.8) without corrections for solving differences. Altman (1991) considers this agreement as good. The average time for new users of the scale (including the manual) was 17 min.
Discussion
In order to perform a systematic review of primary research of variable quality, it is necessary to have an adequate assessment of study quality which guarantees that the results are likely to be free from bias and consequently can be generalisable (Khan et al, 1996) .
We developed a standardised scale that could be used to score the quality of BIA studies in comparison with gold standard techniques. The scale can be used as a simple checklist or to provide a quantitative summary score. It does not apply uniform weighting across all questions. It weights them (Gonzalez et al, 1999) 6. Was any metallic object removed from the subjects?
1.1 Studies have shown that this variable can affect the body resistance about 0.6% (Gonzalez et al, 1999) 7. Was the subject position and time in that position recorded? 5.9 Studies have shown that this variable can affect the body resistance about 3.3% (Gonzalez et al, 1999) 8. Was the height measured to the nearest 0.5 cm? (0.1 cm in children under 3 y) 0.6 An over-or under-estimation of 2.5 cm in height leads to an error of % 1 l in TBW estimation (Kushner et al, 1996) . This error is only slightly lower than that produced by changing electrode size 9. Was the abduction of limbs described? 4.8 Studies have shown that this variable can affect the body resistance about 2.7% (Gonzalez et al, 1999) 10. Was the electrode position described? (3 cm being the minimal distance between the sense and voltage electrodes in children less than 3 y) 3.7 Studies have shown that this variable can affect the body resistance about 2.1% (Gonzalez et al, 1999) 11. Was the brand or size of electrodes stated? 0.7 Studies have shown that this variable can affect the body resistance about 0.4% (Gonzalez et al, 1999) 12. Did the study state the side of the body on which measurements were taken? Total body water measurement CH Gonzalez et al according to defined criteria. Scoring for each attribute thereby defines its relative contribution to the total score. We chose ' > 60%' as the standard for the highest category of acceptance to perform the pilot test. It was similar to Chalmers et al (1990) in which a score of > 6=9 was regarded as good. This was a cohort study of summary reports of controlled trials. In another study of 242 randomised controlled trials Rochon et al (1994) found an average score of 37.2 AE 13.1%. We concluded that the greater of these two criteria was more appropriate.
This scale is an innovation in BIA studies and it is important for several reasons: firstly, because reviewers can (Schoeller, 1996b) Because it was found in the literature what is the impact of these variables in the results, they were weighted equally 2. Were baseline physiologic samples taken before the dose of tracer?
4.4 (Westertep et al, 1995) 3. Did each subject take the complete dose? (The container used for the dose should be washed out with water and this water should be given to the subject) 4.4 (Jebb & Elia, 1993; Schoeller et al, 1985) 4 4.4 (Schoeller, 1996b) 8. If the back-extrapolation method was used were foods avoided for 1 h after the dose or not applicable?
4.4
9. If urine was sampled for TBW was the first specimen discarded and then two samples collected after the dose or it was not applicable?
4.4 (Jebb & Elia, 1993) Subtotal 40 13.33 (Forbes, 1987) Literature does not inform the proportional impact of these variables on the estimates of intracellular water. They were weighted equally 2. Was jewellery removed?
13.33 (Ellis, 1996) 3. Was the calibration of the instrument with phantoms confirmed?
13.33 (Jebb & Elia, 1993 , Ellis, 1996 Subtotal 40 Total body water measurement CH Gonzalez et al use it to identify critical methodological components in this area. Secondly, researchers can use it to plan their studies; using the scale ensures that important factors such as room temperature, which can strongly affect results, will not be forgotten. Thirdly, literature reviewers wishing to summarise information on BIA can use it to evaluate and rank the quality of existing pertinent literature. The scale can help authors and editors to ensure that all the fundamental information needed in the reports is included (Lionel & Herxheimer, 1970) . The scale may be also used as a tool for standardisation of studies that could be candidates for inclusion in metaanalyses. Meta-analysis is a novel scientific technique, which allows a more objective appraisal of the evidence than do traditional narrative reviews. It provides a more precise estimate of the effectiveness of health technology and may explain variability between the results of individual studies (Hardy & Thompson, 1998) .
Methodological quality of a study is defined as a minimisation of systematic bias and consistency of conclusions with results (Cho & Bero, 1984) . It is possible to determine the methodological quality of a study only to the extent that the study design and analytical methods are reported. Our process measures criteria critical to achieving high methodological quality; however, in consequence, these criteria should be adequately reported in any article using BIA, dilution and TBK techniques. The lack of important items of description in some apparently well-executed studies may at times be due to the short space authorised by editors for publication.
The ideal kappa for agreement between raters is þ 1 (Altman, 1991) . In the pilot test, the first agreement between the reviewers was below the desirable score ( > 0.6). Similar studies report a kappa average greater than 0.7 for all reviewers (Khan et al, 1996) . A second assessment of the same 10 articles was made using more detailed instructions and more precise definitions of terms. The kappa for this assessment was within the desirable range. Finally, further discussions and clarification resulted in complete agreement (Table 3) .
The scale had good reliability and validity when used by reviewers from different backgrounds who worked completely independently and without lengthy training sessions. Independence of reviewers avoids the systematic bias that can be introduced by consensus conferencing if one of the reviewers has convincing opinions (Cho & Bero, 1994) .
We performed a further evaluation of the scale by using a second different set of 20 masked articles the agreement was 'good' according to the Altman (1991) classification. Two additional reviewers that work in the bioimpedance field obtained also a 'good' agreement without any further correction. This reinforces the reliability of the scale.
Any method of evaluating quality of published scientific studies stimulates discussion of validity. The present scale has evolved over a period of 3 y and will probably be changed as experience is gained in this field. Among the possible defects are variation due to subjective judgements, inaccuracies due to incomplete reporting, inclusion of questions that might not be considered meritorious by some experts, and exclusion of some questions considered important by others. To some extent, these problems have been handled by the method of differential photocopies of the studies and by multiple scoring followed by discussion.
We are aware of the influence of the machine in the MF-BIA results. However, we have not made a judgement at this initial stage as to which machine is the most accurate and therefore the identification of the machine does not properly form a part of the quality assessment instrument. Having developed the tool it would then be possible to use it to study the influence of machine type on the accuracy of measurements and this would indeed be a useful, but separate study.
The issue of algorithm selection (regression, mixture theory, etc) is slightly different and we believe that explicit statement of the derived algorithm used to calculate body water is a characteristic of a good quality study. Therefore, in question 19 we address the matter related to the algorithm. The judgement of whether the algorithm used was the correct one or not is beyond the study objectives. In this study, we did not set out to say which one was better, although a separate study using this tool could tackle this issue.
To develop the scale we have made and extended review of literature. However, we would like to discuss with others the performance of the instrument and we are ready to update it when it may be necessary. We will prepare the 
